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(57) ABSTRACT

To reduce EMI and current consumption in internal wiring
alter display data have been 1nput to a data driver. Display
data DN/DP constituted by RSDS signals mput to a data
driver 1n a first stage are converted to display data DA con-
stituted by CMOS signals, subjected to primary inversion
control according to a data inversion signal INV generated
inside, and transferred into internal wiring 31 1n a data cap-
turing circuit 30. Then, the display data are subjected to
secondary inversion control by a secondary data iversion
circuit 33 disposed immediately before data registers 34
according to the data inversion signal INV, and then captured
by the data registers 34. Further, chip-to-chip transfer of the
display data DA and the data inversion signal INV to the data
drivers 1n second and subsequent stages 1s performed through
the internal wiring 31 and internal wiring 32. Then, as 1n the
data driver 1n the first stage, the display data DA are captured
by the data registers 34.

14 Claims, 12 Drawing Sheets
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FIG. 9
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1
ELECTRONIC DEVICE

FIELD OF THE INVENTION

The present invention relates to an electronic device, par-
ticularly, to an electronic device 1n which data from a first
semiconductor integrated circuit device are transferred to a

plurality of second semiconductor integrated circuit devices.

BACKGROUND OF THE INVENTION

As dot matrix type display devices, liquid crystal display
devices are used 1n various devices such as a personal com-
puter due to their advantages of thinness, light weight, and
low power. Color liquid crystal display devices with an active
matrix system 1n particular, which are advantageous for con-
trolling 1mage quality with high definition, have become
dominant.

The liquid crystal display module of the liquid crystal
display device includes a liquid crystal panel (LCD panel), a
control circuit (which will be heremnafter referred to as a
controller) constituted from a semiconductor integrated cir-
cuit (which will be herematter referred to as an IC), scanning
side driving circuits (which will be referred to as scanning
drivers) and data side driving circuits (which will be referred
to as data drivers), both constituted from ICs. Due to the
higher definition of the picture quality of the liquid crystal
panel and the larger size of the liquid crystal panel, the trans-
ter speed of display data has become faster. When the transfer
speed of the display data becomes faster, the frequencies of
inversion of a clock signal and the display data in a unit of
time will increase. When the clock signal and the display data
are binary voltage signals (which will be referred to as CMOS
signals) the amplitude of which changes (inverts) according
to whether the signals are at a supply voltage level (“H” level)
or a ground level (“L”" level), there 1s a problem 1n which EMI
(Electro Magnetic Interference) noise and current consump-
tion increase 1n wiring between the controller and the data
drivers through which the clock signal and the display data
are transierred.

As one method of solving this problem, a method 1s used 1n
which primary inversion of the logic of display data consti-
tuted by a CMOS signal 1s performed by a primary data
inversion circuit ol a transier source according to a data
inversion signal INV, thereby reducing the frequency of inver-
sion 1n the entire transier wiring, and then secondary inver-
s1on for returning the logic of the display data to the original
logic 1s performed by a secondary data inversion circuit of a
transfer destination (refer to Patent Document 1, for
example). In this method, when display data constituted by
the CMOS signals having a 18-bit width of 6 bits by 3 dots (R,
G, B) are transierred, a logic inversion change betfore or after
cach bit in the 18-bit display data fromthe “H” level to the “L”
level or from the “L” level to the “H” level 1s detected by the
controller of the transfer source. Then, when the number of
the changed bits 1s 13 bits that 1s larger than half of the number
ol 18 bits, for example, a data inversion signal INV at the “H”
level 1s generated. Then, the logics of 18 bits are inverted at
the primary data mversion circuits for the 18 bits provided
near output terminals of the controller, according to this data
inversion signal INV. With this arrangement, in the transfer
wiring with the 18-bit width, 13 bits of the 18 bits are not
inverted, so that only five bits are inverted. The frequencies of
inversion can be reduced, so that the EMI noise and the
current consumption can be reduced. Then, 1n order to return
the display data with the 18 bit width to its original logic state,
the display data are inverted again to the logics of the 18 bits
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2

by the secondary data inversion circuits for the 18 bits, pro-
vided near mput terminals of the data driver of the transier
destination.

As an other method of solving the above-mentioned prob-
lem, a low voltage differential signaling interface 1is
employed. As its typical one, an mterface using an RSDS
(Reduced Swing Differential Signaling) system (which waill
be referred to as an RSDS interface) (refer to Patent Docu-
ment 2) 1s used.

|Patent Document 1|

JP Patent Kokai Publication No. JP-P2003-84726A (FIG.
9)

| Patent Document 2|
JP Patent No. 3285332

SUMMARY OF THE DISCLOSUR.

L1l

However, when the higher definition of the picture quality
of the liqud crystal panel and the larger size of the liquid

crystal panel are further progressed, and when the number of
pixels 1s increased as 1n an SXGA (1280x1024 pixels) and

further as 1n a UXGA (1600x1200 pixels), the problem came
out 1n which the current consumption increased even if the
above-mentioned two methods for solution were used. That
1s, the problem arose in which though the EMI noise and the
current consumption in the wiring between the 1Cs could be
reduced with the two methods, the EMI noise and the current
consumption 1n the internal wiring after the display data have
been mput to the data driver increased.

Accordingly, an object of the present invention 1s to pro-
vide an electronic device that can reduce EMI noise and
current consumption in the internal wiring after data have
been mput to a semiconductor integrated circuit device.

(1) In an electronic device of the present invention, data from
a first semiconductor integrated circuit device are transterred
to a plurality of second semiconductor integrated circuit
devices. The electric device 1s adapted for a data transfer
system 1in which when transferring the data constituted by
CMOS signals, 1inversion before or after each CMOS signal
bit 1s detected, thereby generating a data inversion signal
according to the number of inverted bits, primary 1inversion of
a data logic 1s performed at a transfer source according to the
data 1nversion signal, and secondary inversion 1s performed
so as to return the data logic to the original logic at a transfer
destination. At least the transfer destination of the transfer
source and the transier destination 1s included in one of the
second semiconductor integrated circuit devices.

Each of the second semiconductor integrated circuit
devices includes a data capturing circuit for capturing the
data. The data capturing circuit comprises: internal wiring for
the data; data registers; and a circuit for secondary data inver-
sion disposed immediately before mputs of the data to the
data registers, for performing the secondary inversion of the
data mput through the internal wiring.

(2) In the electronic device according to item (1) described
above, 1n the each of the second semiconductor integrated
circuit devices, the data constituted by the CMOS signals and
the data inversion signal are input from the first semiconduc-
tor integrated circuit device or a second semiconductor inte-
grated circuit device 1n a preceding stage connected to one of
the second semiconductor integrated circuit devices.

(3) In the electronic device according to item (1) described
above, 1n the each of the second semiconductor integrated
circuit devices, the data constituted by differential signals
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from the first semiconductor integrated circuit device or a
second semiconductor integrated circuit device 1n a preceding
stage connected to the one of the second semiconductor inte-
grated circuit devices are converted to the data constituted by
the CMOS signals, and the data inversion signal 1s generated

inside the each of the second semiconductor integrated circuit
devices.

(4) In the electronic device according to item (1) described
above, the each of the second semiconductor integrated cir-
cuit devices comprises a recerving unit for selecting the data
constituted by the CMOS signals or the data constituted by
differential signals from the first semiconductor integrated
circuit device or the second semiconductor integrated circuit
device 1n a preceding stage connected to the each of the
second semiconductor integrated circuit devices;

when the CMOS signals are selected, the data mversion
signal 1s mnput from the first semiconductor integrated circuit
device or the second semiconductor integrated circuit device
in the preceding stage connected to the each of the second
semiconductor integrated circuit devices; and

when the differential signals are selected, the data mver-
s1on signal 1s generated at the recerving unit.

(5) In the electronic device according to item (4) described
above, the second semiconductor integrated circuit devices
are connected 1n cascade so that the data from the first semi-
conductor integrated circuit device are sequentially trans-
ferred;

to the second semiconductor integrated circuit device 1n a
first stage, the data constituted by the differential signals from
the first semiconductor integrated circuit device are trans-
ferred; and

to the second semiconductor integrated circuit devices 1n
second and subsequent stages, the data constituted by the
CMOS signals from the second semiconductor integrated
circuit device 1n the preceding stage connected to the each of
the second semiconductor integrated circuit devices are trans-
ferred.

(6) In the electronic device according to item (5) described
above, the recerving unit includes:

differential signal recetvers each for receiving the differ-
ential signals including at least two bits of the data as a pair
when the differential signals are selected and outputting the at
least two bits of the data onto the same wiring as a time-
multiplexed CMOS signal; and

bypass circuits for bypassing the received CMOS signals
trom the differential signal recervers when the CMOS signals
are selected.

(7) In the electronic device according to item (6) described
above, the receiving unit includes:

frequency divider circuits each for frequency dividing the
CMOS signal from one of the differential signal recervers by
at least two with respect to the differential signals, for output
as parallel one-bit CMOS signals.

(8) In the electronic device according to 1tem (7) described
above, the recerving unit further includes:

a data inversion signal generation circuit for generating the
data mversion signal; and

a primary data inversion circuit for performing the primary
inversion of the data from the frequency divider circuits.

(9) In the electronic device according to any one of 1tems (3)
through

(8) described above, the differential signal 1s one of an RSDS
signal, a mim-LVDS signal, and a CMADS signal.
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(10) In the electronic device according to any one of items (1)
through (9) described above, the electronic device 1s adapted
for use as a display device, the first semiconductor integrated
circuit device 1s a control circuit, and the second semiconduc-
tor integrated circuit devices comprise data side driving cir-
cuits.

(11) In the electronic device according to 1item (10) described
above, the electronic device 1s adapted for use as a liquid
crystal display device.

According to the present invention described above, when
the data are captured by the data registers through the internal
wiring after having been input to the semiconductor inte-
grated circuit device, the secondary data inversion circuit 1s
disposed immediately before mputs of the data to the data
registers. The data subjected to the primary iversion control
according to the data inversion signal at the transier source for
the internal wiring 1s thereby subjected to the secondary
inversion control at the secondary data inversion circuit to be
returned to the original logic state. The frequencies of inver-
sion of the data 1n the internal wiring are thereby reduced, so
that EMI noise and current consumption in the internal wiring
can be reduced.

The meritorious effects of the present ivention are sum-
marized as follows.

According to the present invention, the EMI noise and the
current consumption in the internal wiring after data have

been 1nput to the semiconductor integrated circuit device can
be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a general configuration
of a liquid crystal display module 1n an embodiment of the
present invention;

FIG. 2 1s a block diagram showing a general configuration
of a data driver 4 used 1n the liquid crystal display module
shown 1n FIG. 1;

FIG. 3 1s a circuit diagram showing a recetver 10 used in the
data driver 4 shown 1n FIG. 2;

FIGS. 4A and 4B include circuit diagrams showing bypass
circuits 12 used 1n the receiver 10 shown 1n FIG. 3;

FIG. 5 1s a circuit diagram showing a data inversion signal
generation circuit 14 used in the recerver 10 shown 1n FIG. 3;

FIG. 6 1s a diagram showing an operation state of the
recetver 10 shown 1n FIG. 3 when an IFM 1s “H”’;

FIG. 7 1s a diagram showing an operation state of the
recerver 10 shown 1n FIG. 3 when the IFM 1s “L.”’;

FIG. 8 1s a circuit diagram showing a data capturing circuit
30 used 1n the data driver 4 shown 1n FIG. 2;

FIG. 9 1s a diagram explaining transfer of various signals
between a controller 2 and the data drivers 4 shown 1n FI1G. 1;

FIG. 101s a timing chart explaining chip-to-chip transier of
clock signals and display data between the data drivers shown

in F1G. 9;

FIG. 111s a block diagram showing a general configuration
of a liquid crystal display module 1n a second embodiment of
the present invention; and

FIG. 121s a block diagram showing a general configuration

of a liquid crystal display module in a third embodiment of the
present 1nvention.

PREFERRED EMBODIMENTS OF THE
INVENTION

In order to make a clear distinction between a CMOS signal
and an RSDS signal with respect to reference characters 1n
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display data and timing signals to be used 1n the following
description, following definitions will be given:

(1) display data DATA: no distinction between the CMOS
signal and the RSDS signal;

(2) display data DA: the CMOS signals;

(3) display data D00 to D035, D10 to D15, D20 to D25: the
CMOS signals;

(4) display data DN/DP: the RSDS signals;

(5) display data DOON/DOOP to D02N/D02P, D10N/D10P to
D12N/D12P, D20N/D20P to D22N/D22P: the RSDS signals;

(6) clock signal CLK: no distinction between the CMOS
signal and the RSDS signal;

(7) clock signal CK: the CMOS signal;
(8) clock signal CKN/CKP: the RSDS signal;

(9) start signal STH, latch signal STB, data inversion signal
INV: the CMOS signals.

An embodiment of the present invention will be described
below with reference to the drawings. As shown 1n FIG. 1, a
liquid crystal display module of a liquid crystal display device
includes a liquid crystal panel 1, a controller 2, scanning
drivers 3, and data drivers 4. Though the details of the liquid
crystal panel 1 are not 1llustrated, the liquid crystal panel 1 1s
constituted from a structure 1including a semiconductor sub-
strate with transparent pixel electrodes and thin film transis-
tors (TF'Ts) disposed thereon, an opposing substrate with one
transparent electrode formed on an entire surface thereof, and
a liquid crystal sealed between these two opposing substrates.
Then, by controlling the TF'T's each having a switching func-
tion, a predetermined voltage 1s applied to each pixel elec-
trode, and the transmissivity or retlectivity of the liquid crys-
tal 1s changed by a potential difference between each pixel
clectrode and the electrode on the opposing substrate. An
image 1s thereby displayed. On the semiconductor substrate,
data lines for sending gray-scale voltages applied to the
respective pixel electrodes and scanning lines each for send-
ing a TFT switching control signal (scanning signal) are
wired. A case where the definition of the liquid crystal panel
1 1s that of an SXGA (1280x1024 pixels: one pixel being
constituted from three dots oI R, G, B) and display of 262144
colors (each of R, G, B being constituted from 64 gray scales)
1s performed will be taken as an example, and a description
will be given.

As the scanming lines of the liquid crystal panel 1, 1024
scanning lines are disposed, corresponding to 1024 pixels 1n
a vertical direction. As the data lines, 3840 (1280x3) data
lines are disposed, corresponding to 1280 pixels 1n a horizon-
tal direction because one pixel 1s constituted from three dots
of the R, G, B. As the scanning drivers 3, four scanning
drivers, each of which 1s used for 256 gate lines of 1024 gate
lines, are disposed. As the data drivers 4, ten (4-1, 4-2, . . .,
4-10) data drivers, each of which 1s used for 384 data lines of
3840 data lines, are disposed.

To the controller 2, display data and timing signals are
transierred from a PC (personal computer) 5 through an
LVDS (low voltage differential signaling) interface, for
example. From the controller 2 to the scanning drivers 3,
clock signals or the like are transferred in parallel with each of
the scanning drivers 3, and a start signal STV for vertical
synchronization 1s transferred to the scanming driver 3 1n a
first stage, and then sequentially transferred to the scanning
drivers 3 1in second and later stages connected in cascade. The
start signal STH for horizontal synchronization and the latch
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signal STB constituted by the CMOS signals are transierred
to a data driver 4-1 1n the first stage through a CMOS 1inter-
face, and the display data DN/DP and the clock signal CKN/
CKP constituted by the RSDS signals are transterred through
an RSDS interface. The display data DA, clock signal CK,
start signal STH, latch signal STB, and data inversion signal
INV constituted by the CMOS signals are sequentially trans-
ferred to the data drivers 4-2, 4-3, . . ., and 4-10 1n the second
and later stages, connected 1n cascade, from the data driver
4-1 1n the first stage, through the CMOS 1nterface. A logic
change before or after each bit of the display data DA within
the data driver 4-1 1n the first stage 1s detected, and the data
inversion signal INV 1s generated based on the number of one
or more changed bits.

A scanning signal 1n a pulse form 1s sequentially transmiut-
ted to a scanning line on the liqud crystal panel 1 from a
scanning driver 3. TFTs connected to the scanning line to
which a pulse 1s applied are all turned on. At this point,
gray-scale voltages are supplied to the data lines of the liquid
crystal panel 1 from the respective data drivers 4 and applied
to pixel electrodes through the TF'T's which have been turned
on. Then, when the TFTs connected to the scanning line to
which no pulse 1s applied any longer are turned off, potential
differences between the pixel electrodes and the opposing
substrate electrode are held for a period until subsequent
gray-scale voltages are applied to the pixel electrodes. Then,
by sequential pulse application, predetermined gray-scale
voltages are applied to all pixel electrodes. By performing
gray-scale voltage rewriting 1n each frame period, an 1mage
can be displayed.

A data driver 4 has a 384-output configuration in which
display data of R, G, B each constituted from six bits are input
thereto, respectively, for respective 64 gray-scale display of
the R, G, B, corresponding to the 384 data lines, and one
gray-scale voltage corresponding to the logic of the display
data among the 64 gray scales 1s output therefrom, respec-
tively. As a specific circuit configuration, as shown 1n FIG. 2,
cach data driver 4 includes a recerver 10 that constitutes an
interface circuit for chip-to-chip data transfer. As a circuit
structure for performing serial/parallel conversion of the digi-
tal display data DA and performing further conversion to an
analog gray-scale voltage corresponding to the logic of the
display data DA, there are a shiit register 20, a data capturing
circuit 30, a latch 40, a level shifter 50, a digital-to-analog
conversion circuit (which will be hereinafter referred to as a
D/A converter) 60 and a voltage follower output circuit 70.
Incidentally, though the data driver 4 has a power supply
circuit for operating each of the circuits described above, 1ts
illustration and description will be omaitted.

Each of mput terminals of the data driver 4 shown 1n FIG.
2 will be described. An ISTH terminal 1s the input terminal of
the start signal STH, and the start signal STH 1s input to the
shift register 20. An ISTB terminal 1s the input terminal of the
latch signal STB, and the latch signal STB 1s input to the latch
40 and the voltage follower output circuit 70. An IFM termi-
nal 1s the terminal for selecting the mode of the CMOS 1inter-
face or the RSDS interface. To the IFM terminal, a fixed
potential at an “H” level or an “L” level 1s supplied as an
interface mode selection signal, and 1ts potential 1s mput to
the recetver 10. When the IFM terminal 1s at the “H” level,
ICKP/ICK and ICKN/IINV terminals are the input terminals
of the clock signal CKN/CKP. When the IFM terminal 1s at
the “L” level, the ICKP/ICK terminal 1s the input terminal of
the clock signal CK, and the ICKN/IINV terminal 1s the input
terminal of the data mversion signal INV. The clock signals
CKN/CKP and CK and the data inversion signal INV are
iput to the recerver 10, respectively. An IDOON/ID00-
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ID02P/1D25 terminal, an ID10N/ID10-ID12P/ID15 termi-
nal, and an ID20N/ID20-1D22P/1D2S terminal are the input
terminals of the display data DATA of a 18-bit width consti-
tuted from 6 bits for gray scale display by three dots of the R,
G, B (one pixel). When the IFM terminal 1s at the “H” level,
they are the input terminals of the display data DOON/DO0OP to
D02N/D02P, D10N/D10P to D12N/D12P, and D20N/D20P
to D22N/D22P (which will be hereimnafter referred to as
DN/DP) constituted by the RSDS signals. When the IFM
terminal 1s at the “L” level, they are the input terminals of the
display data D00 to D05, D10 to D15, and D20 to D23 (which
will be heremafter referred to as DA) constituted by the

CMOS signals. Each of the display data DATA described
above 1s mput to the recetver 10, respectively.

Each of output terminals of the data driver 4 shown 1n FIG.
2 will be described. An OSTH terminal 1s the output terminal
of the start signal STH, and the start signal STH 1s output from
the shift register 20. An OCK terminal 1s the output terminal
of the clock signal CK, and the clock signal CK 1s output from
the shitt register 20. An OSTB terminal 1s the output terminal
of the latch signal STB, and the latch signal STB 1s output
from the latch 40. An OINV terminal 1s the output terminal of
the data inversion signal INV, and the data inversion signal
INV 1s output from the data capturing circuit 30. An OD00-
ODO0S terminal, an OD10-OD15 terminal, an OD20-OD25
terminal are the output terminals of the display data DA, and
cach of the display data DA 1s output from the data capturing
circuit 30, respectively.

The recerver 10 that constitutes the interface circuit for
chip-to-chip data transier will be described. The receiver 10
receives the clock signal CLK and the display data DATA
constituted by the RSDS signals or the CMOS signals, and
outputs the clock signal CK and the display data DA consti-
tuted by the CMOS signals to the shift register 20 and the data
capturing circuit 30 mside the data driver 4. As shown 1 FIG.
3, the receiver 10 includes an RSDS recetver 11a to which the
clock signal CKN/CKP 1s input, RSDS recetvers 115 to which
the display data DN/DP are mnput, a bypass circuit 12a by
which the clock signal CK and the data inversion signal INV
are bypassed, bypass circuits 125 by which the display data
DA are bypassed, a frequency divider circuit 13a for the
output of the RSDS recerver 11a, frequency divider circuits
135 for the outputs of the RSDS receivers 115, a data inver-
sion signal generation circuit 14, a primary data mversion
circuit 15, a selector 164a for the clock signal CK, a selector
165 for the data inversion signal INV, and selectors 16¢ for the
display data DA.

When the IFM terminal 1s at the “H” level, an internal bias
signal 1s turned on, so that each of the RSDS receiver 11a and
the RSDS receivers 115 becomes an operation state in which
reception of the clock signal CKIN/CKP and the display data
DN/DP 1s possible. When the IFM terminal 1s at the “L” level,
by turning off of the internal bias signal, each of the RSDS
receiver 11a and the RSDS recervers 115 becomes mopera-
tive, so that current consumption is reduced.

Each of the bypass circuit 12a and the bypass circuits 125
1s constituted from two OR circuits as shown 1n FIGS. 4A and
4B, for example. When the IFM terminal 1s at the “L” level,
the clock signal CK, data iversion signal INV, and display
data DA are bypassed. When the IFM terminal 1s at the “H”

level, bypassing of the CMOS signal 1s disabled.

The frequency divider circuit 13a frequency-divides the
clock signal CK output from the RSDS recetver 11a by two,
for output through one line. Each of the frequency divider
circuits 135 separates the display data D00 to D01, D02 to
D03, . .., D24 to D25 obtained by time multiplexing two-bit
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display data onto the same wiring ito one-bit data D00,
D01, . . ., D24, and D25, for output through two lines.

The data mversion signal generation circuit 14 includes
data 1inversion detection circuits 17, first determination cir-
cuits 18, and a second determination circuit 19. Three data
inversion detection circuit 17 are included so as to correspond
to the respective six-bit display data DA of the R, G, B. In
order to detect a change betfore or after each bit of the six bits,
cach of the data inversion detection circuits 17 1s constituted
from flip-tlops of a two-stage cascade connection and an
EXOR circuit for outputting an exclusive OR of outputs of the
respective stages. From the EXOR circuit, the “L” level 1s
output for a bit with no change made before or after the bat,
and the “H” level 1s output for the bit with a change made
before or after the bit. From the flip-flop 1n the second stage,
the display data DA 1s output. Three first determination cir-
cuits 18 are included so as to correspond to each of the data
inversion detection circuits 17. When the IFM terminal 1s at
the “H” level, the first determination circuits 18 become an
operation state capable of making determinations. When the
IFM terminal 1s at the “L”" level, the first determination cir-
cuits 18 become 1noperative, thereby reducing current con-
sumption. Each of the first determination circuits 18 detects
the number of changed bits among the six bits, and outputs the
“H” level when the number of the changed bits 1s four or
more, for example. The second determination circuit 19
detects the number of “H” level outputs of the outputs of the
three first determination circuits 18. When the number of the
“H” level outputs 1s two or more, the second determination
circuit 19 outputs the “H” level. The output of the second
determination circuit 19 becomes the data inversion signal
INV.

Each primary data inversion circuit 13 1s constituted from
an EXOR circuit. When the IFM terminal 1s at the “H” level,
inversion control of the display data DA from the data inver-
s1on signal generation circuit 14 1s performed according to the
data inversion signal INV from the data inversion signal gen-
eration circuit 14.

When the IFM terminal is at the “H” level, the selector 16a
selects the clock signal CK from the frequency divider circuit
13a, for output. When the IFM terminal 1s at the “L” level, the
selector 16a selects the clock signal CK from the bypass
circuit 124, for output. When the IFM terminal 1s at the “H”
level, the selector 165 selects the data inversion signal INV
from the data iversion signal generation circuit 14, for out-
put. When the IFM terminal 1s at the “L” level, the selector
165 selects the data mversion signal INV from the bypass
circuit 124, for output. When the IFM terminal 1s at the “H”
level, the selectors 16¢ select the display data D0 to D01, D02
to D03, . . ., D24 to D25 from the primary data inversion
circuit 15, for output. When the IFM terminal 1s at the “L”
level, the selectors 16¢ select the display data D00 to D01,
D02 to D03, ..., and D24 to D25 from the bypass circuits 125,
for output.

An operation of the recetver 10 when the IFM terminal 1s at
the “H” level will be described. Each of the RSDS receiver
11a and the RSDS recetvers 115 becomes the operative, and
in the bypass circuit 12a and the bypass circuits 126, CMOS
signal bypassing 1s disabled. The selector 16a selects the
output of the frequency divider circuit 13a. The selector 165
selects the output of the data inversion signal generation
circuit 14, and the selectors 16¢ select outputs of the primary
data inversion circuit 135. By these operations, the recerver 10
functions as the RSDS receiver, as shown 1n FIG. 6. Accord-
ingly, when the clock signal CKN/CKP and the display data
DN/DP are mput to the receiver 10 at this point, the RSDS
receiver 11a and the RSDS receivers 115 recerve these. From
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the receiver 10, the clock signal CK from the frequency
divider circuit 13a 1s output, and the display data DA from the
primary data inversion circuit 15 are output.

Next, an operation of the recerver 10 when the IFM termi-
nal 1s at the “L” level will be described. Each of the RSDS
receiver 11a and the RSDS recervers 115 becomes mopera-
tive, and the bypass circuits 12a and 125 bypass the clock
signal CK, data mversion signal INV, and display data DA.
The selector 164 selects the clock signal output of the bypass
circuit 12a. The selector 165 selects the data inversion signal
output of the bypass circuit 12a. The selectors 16c¢ select the
outputs of the bypass circuits 12b. By these operations, the
recetver 10 functions as a CMOS receiver, as shown in FIG. 7.
Accordingly, when the clock signal CK, data inversion signal
INV, and display data DA are input to the receiver 10 at this
point, the RSDS receiver 12a and the RSDS receivers 125
bypass these CMOS signals. From the receiver 10, the clock
signal CK and the data inversion signal INV from the bypass
circuit 12a are output, and the display data DA from the
bypass circuits 126 are output.

Referring again to FIG. 2, the shift register 20, data cap-
turing circuit 30, latch 40, level shifter 50, D/A converter 60,
and voltage follower output circuit 70 will be described. The
shift register 20 1s constituted from 128 bits (three data lines
tor the R, G, B being assigned to one bit) register, correspond-
ing to the 384 data lines. For each horizontal period for
scanning one of a plurality of scanning lines of the liquid
crystal panel 1, the start signal STH at the “H” level 1s read at
the front and back edges of the clock signal CK, control
signals C1, C2, ..., C128 for data capturing are sequentially
generated, Tor supply to the data capturing circuit 30.

As shown 1n FIG. 8, the data capturing circuit 30 includes
internal wiring 31 for the display data DA, internal wiring 32
tor the data inversion signal INV, a secondary data inversion
circuit 33, and data registers 34 (DR1 . . . DR384). The
internal wiring 31 connects the display data DA output ter-
minals of the receirver 10 and an OD00-OD05 terminal, an
OD10-OD15 terminal, and an OD20-OD25 terminal. The
internal wiring 32 connects the data inversion signal INV
output terminal of the receiver 10 and an OINV terminal. The
secondary data inversion circuit 33 1s constituted from EXO
circuits with an 18-bit width of 6 bits by 3 dots (R, G, B)x128
bits, corresponding to the 384 data lines. The secondary data
inversion circuit 33 1s disposed immediately before the dis-
play data mputs of the data registers 34. The display data DA
are input to one input terminals of the EXOR circuits through
the internal wiring 31, and the data inversion signal INV 1s
input to the other mput terminals of the EXOR circuits
through the internal wiring 32. For each horizontal period, the
dataregisters 34 capture the display data DA of 128 bits by the
18-bit width of 6 bits by 3 dots (R, G, B) for one scanning line,
supplied from the secondary data inversion circuit 33 at the

timings of the rear edges of control signals C1, C2, . . ., and
C128 of the shift register 20, corresponding to the 384 data
lines.

The latch 40 holds the display data DATA captured by the

data registers 34 at the timing of the front edge of the latch
signal STB, for collective supply to the level shifter 50, for
cach horizontal period. The level shifter 50 increases the
voltage level of the display data DA from the latch 40, for
supply to the D/A converter 60. The D/A converter 60 sup-
plies one gray scale voltage of 64 gray scales corresponding,
to the logic of the display data DA to the voltage follower
output circuit 70, for each 6-bit display data DA correspond-
ing to each of the 384 data lines, based on the display data DA
from the level shifter 50. The voltage follower output circuit
70 outputs the gray-scale voltages from the D/ A converter 60
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by enhancing 1ts driving capability at the timing of the rear
edge of the latch signal STB, as outputs S1 to S384.

With regard to transfer of various signals between the
controller 2 and the data driver 4 and between the respective
data drivers 4 1n the liquid crystal display module shown 1n
FIG. 1, the controller 2, data drivers 4 (4-1 . . . 4-10), various
signal lines from the controller 2 to the data drivers 4 will be
shown in FI1G. 9, for description. The start signal STH and the
latch signal STB are the CMOS signals, which are transterred
to the data driver 4-1 from the controller 2, and sequentially
transierred from the data driver 4-1 to each of the data drivers
4-2.4-3, ..., 4-10 connected 1n cascade.

Transter of the clock signal CLK, display data DATA, and
data inversion signal INV will be described. The potential
level atthe IFM terminal of the data driver 4-1 1s set to the “H”
level, and the potential levels of the IFM terminals of the data
driver 4-2, 4-3, . . ., 4-10 are set to the “L” level. With this
arrangement, each of the RSDS recerver 11a and the RSDS
receivers 115 of the data driver 4-1 becomes operative. As
shown 1n FIG. 6, the receiver 10 of the data driver 4-1 func-
tions as the RSDS receiver, and an RSDS transmitter of the
controller 2, not shown and the receiver 10 of the data driver
4-1 constitute the RSDS 1nterface. Accordingly, the clock
signal CKN/CKP and the display data DN/DP from the con-
troller 2 are transierred to the data driver 4-1 through the
RSDS nterface.

In the data driver 4-1, the clock signal CKN/CKP 1s con-
verted to the clock signal CK at the receiver 10, and 1s trans-
terred to the OCK terminal through the shiit register 20. The
display data DN/DP 1s converted to the display data DA at the
receiver 10. At the data inversion signal generation circuit 14
of the receiver 10, inversion betfore or after each bit of the
display data DA 1s detected, and the data inversion signal INV
corresponding to the number of mmverted bits 1s generated.
Primary iversion control 1s performed over the display data
DA at the primary data inversion circuit 15 of the recerver 10,
according to the data inversion signal INV, and the display
data DA are transierred to the data capturing circuit 30,
together with the data inversion signal INV. The display data
DA and the data inversion signal INV transferred to the data
capturing circuit 30 are transierred to the OD00-ODO05 ter-
minal, OD10-OD1S5 terminal, and OD20-OD?25 terminal and
the OINYV terminal through the internal wiring 31 and 32, and
also transierred to the secondary data inversion circuit 33.
Secondary mversion control over the display data DA is per-
formed at the secondary data inversion circuit 33 according to
the data inversion signal INV, for transier to the data registers
34. Since the secondary nversion control 1s performed over
the display data DA immediately before mput to the data
registers 34 according to the data inversion signal INV at this
point, the frequencies of inversion of the display data DA in
the mternal wiring 31 are reduced, so that EMI noise and
current consumption in the internal wiring 31 can be reduced.

Each of the RSDS recerver 11a and the RSDS receivers 115

of the data driver 4-2 become inoperative, for bypassing, and
as shown 1n FIG. 7, the receiver 10 of the data driver 4-2
functions as the CMOS recerver. Accordingly, the clock sig-
nal CK, data inversion signal INV, and display data DA from
the data driver 4-1 are transferred to the data driver 4-2. In the
data driver 4-2, the clock signal CK 1s transierred to the OCK
terminal through the shift register 20. The display data DA are
transierred to the data capturing circuit 30, together with the
data mversion signal INV. The display data DA and the data
inversion signal INV, which have been transterred to the data
capturing circuit 30, are transferred to the OD00-ODO0S5 ter-
minal, OD10-DO1S5 terminal, OD20-OD25 terminal, and the

OINV terminal, and also transferred to the secondary data
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inversion circuit 33, as in the data driver 4-1. Then, as 1n the
data driver 4-1, the display data DA are transferred to the data
registers 34, so that the EMI noise and the current consump-
tion 1n the internal wiring 31 can be reduced.

The data drivers 4-3, . . ., and 4-10 1n the third and subse-
quent stages also function like the data driver 4-2: the clock
signal CK and the display data DA are sequentially trans-

terred to the data drivers 4-3, and 4-10 through CMOS 1nter-
face circuits. Since each of the RSDS recervers 11a and the
RSDS receivers 115 of the data drivers 4-2,4-3, .. ., and 4-10
in the second and subsequent stages has become mnoperative,
current consumption in these recetvers can be reduced.

Next, timing operations when the display data DATA for
the data driver 4-3 are input to the data driver 4-1 and then
transierred to the data driver 4-3 will be described with ref-
erence to FIG. 10. To the data driver 4-1, the clock signal
CKN/CKP as the RSDS signal of 75 MHz, for example, 1s
iput at timings shown in FIG. 10(a), and the display data
DN/DP are mput at timings shown in FI1G. 10(c¢), 1n synchro-
nization with the clock signal CKN/CKP. In response to the
259th clock signal CKN/CKP shown 1n FIG. 10(a), the dis-
play data DN/DP for the outputs S1 to S3 of the data driver 4-3
shown 1n FIG. 10(¢) are mput. Likewise, 1n response to the
260th clock signal CKN/CKP, the display data DN/DP for the
outputs S4 to S6 of the data driver 4-3 are input. A start signal
STH1 1s input to the data driver 4-1 at a timing earlier than that
illustrated, and the ISTH terminal 1in FIG. 10(5) 1s at the “L”
level.

The clock signal CKIN/CKP 1s frequency divided by two at
the recetver 10 of the data driver 4-1, and becomes a clock
signal CK1 (not shown) of 37.5 MHz. The clock signal 1s
transierred within the data driver 4-1, and 1s input to the data
driver 4-2 as a clock signal CK2 after a delay t of t ,; (wherein
t,, being equal to 15 ns, for example) from the clock signal
CKN/CKP, as shown 1n FIG. 10(d). The display data DN/DP
are Irequency divided by two at the recerver 10 1n the data
driver 4-1 to become the display data D00 to D05, D10 to
D135, and D20 to D25 of 37.5 MHz (not shown) and are
transferred within the data driver 4-1. Then, as shown 1n FIG.
10(/), the display data DN/DP are input to the data driver 4-2
after the delay t=t,; ., (tp777-) (157 7> and T 5, -, being -3 to
+1 ns, for example) from the clock signal CK2, for input to the
data driver 4-2. The display data DA for the outputs S1 to S3,
S4 to S6 of the data driver 4-3 shown 1n FIG. 10(f) are mput,
in response to the (2-1)th clock signal CK2 shown 1n FIG.
10(d). Likewise, the display data DA for the outputs S7to S9,
S10 to S12 of the data driver 4-3 are input, 1n response to the
(2-2)th clock signal CK2. The start signal STH1 1s transferred
within the data driver 4-1, and 1s input to the data driver 4-2 as
a start signal STH2 at a timing earlier than that illustrated. In
FIG. 10(e), the ISTH terminal 1s at the “L” level.

The clock signal CK2 is transferred within the data driver
4-2, and 1s mput to the data driver 4-3 as a clock signal CK3
after the delay t=t , (t,, being 15 ns, for example) from the
clock signal CK2, as shown in FIG. 10(g). The start signal
STH2 1s transierred within the data driver 4-2, and 1s input, as
a start signal STH3, after the delay t=t,, ,,, (the tPLHI being
-3 to +1 ns, for example) from the rear edge of the (3-1)th
clock signal CK3 as the front edge thereof and after the delay
t=t,,,;, (the t,,,,, being =3 to +1 ns, for example) from the
rear edge of the (3-2)th clock signal CK3 as the rear edge
thereol. The display data DA are transierred within the data
driver 4-2, and as shown i FI1G. 10(7), the display data DA are
input to the data driver 4-3 after the delay tof T, ., (1T 57 77-)
from the clock signal CK3. The display data DA for the
outputs S1 to S3, S4 to S6 of the data driver 4-3 shown 1n FIG.

10(i) are mput, 1n response to the (3-3)th clock signal CK3
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shown 1 FIG. 10(g). Likewise, the display data DA for the
outputs S7 to S9, S11 to S12 of the data driver 4-3 are input,
in response to the (3-4)th clock signal CK3.

As described above, 1n the data driver 4-1, to which the
display data DN/DP constituted by the RSDS signals are
input, the display data DN/DP are converted to the display
data DA constituted by the CMOS signals at the receiver 10.
Then, the data inversion signal INV 1s generated inside the
receiver 10, and the primary inversion control 1s performed
over the display data DA which have been converted to the
CMOS signals, according to the data inversion signal INV, for
transier to the data capturing circuit 30. The display data DA
which have been subjected to the primary inversion control
are transierred through the internal wiring 31. Then, 1n order
to return the data to the original logic state immediately
betfore input to the data registers 34, the secondary inversion
control over the display data DA according to the data inver-
sion signal INV 1s performed. With this arrangement, the
frequencies of inversion of the display data DA 1n the internal
wiring 31 are reduced, so that the EMI noise and the current
consumption in the internal wiring 31 can be reduced.

In each of the data drivers 4-2, 4-3, . . ., and 4-10 to which
the display data DA constituted by the CMOS signals are
input, the display data DA which have been subjected to the
primary iversion control by the data driver 4-1 are trans-
terred to the data capturing circuit 30 through the recerver 10,
without alteration. The display data DA transterred to the data
capturing circuit 30 are transierred through the internal wir-
ing 31. Then, 1n order to return the display data to the original
logic state immediately before input to the data registers 34,
the secondary iversion control according to the data inver-
sion signal INV generated at the data driver 4-1 1s performed.
With this arrangement, 1n the data drivers 4-2, 4-3, . . ., and
4-10 as well, the frequencies of inversion of the display data
DA 1n the internal wiring 31 are reduced, so that the EMI
noise and the current consumption in the internal wiring 31
can be reduced.

Next, a second embodiment of the present invention will be
described with reference to FI1G. 11. Incidentally, by assign-
ing the same reference characters to the elements that are the
same as those 1n FIG. 1, their description will be omitted. A
difference from the liquid crystal device 1n FIG. 1 1s that a
controller 102 and data drivers 104 are included 1in place of the
controller 2 and the data drivers 4, and that the display data
DN/DP and the clock signal CKN/CKP constituted by mini-
LVDS signals are transferred to a data driver 104-1 1n the first
stage from the controller 102 using a min1-LVDS (which 1s a
trade mark of TEXAS INSTRUMENTS INCORPORATED)
interface in place of the RSDS interface, as the low voltage
differential signaling interface. For the data drivers 104, the
same circuit configuration as that of the data drivers 4 shown
in FIG. 2, except for use of mini-LVDS receivers 1n place of
the RSDS receivers 11a and 115 of the receivers 10, can be
used. Their operations are also the same, so that illustration
and description of them will be omatted.

Next, a third embodiment of the present invention will be
described with reference to FIG. 12. By assigning the same
reference characters to the elements that are the same as those
in FI1G. 1, their descriptions will be omitted. A difference from
the liquid crystal device in FIG. 1 1s that a controller 202 and
data drivers 204 are included in place of the controller 2 and
the data drivers 4, and that the display data DN/DP and the
clock signal CKN/CKP constituted by CMADS signals are
transierred to a data driver 204-1 1n the first stage from the
controller 202 using a CMADS (Current Mode Advanced
Differential Signaling: a trade mark of NEC Corporation)
interface in place of the RSDS interface, as the low voltage
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differential signaling interface. For the data drivers 204, the
same circuit configuration as that of the data drivers 4 shown
in FI1G. 2, except for use of CMADS receivers 1n place of the
RSDS receivers 11a and 115 of the recervers 10, can be used.
Their operations are also the same, so that illustration and
description of them will be omuitted.

In the first to third embodiments described above, the
description was given, using examples where the data driver
can perform switching between input of the CMOS signal and
input of a low voltage differential signal which 1s one of the
RSDS signal, mini-LVDS signal, and a CMADS signal, as
display data input. The data driver 1s not limited to these. The
data driver that can input only one of the RSDS signal, mini-
LVDS signal, and CMADS signal, or the data driver that can
input only the CMOS signal may be used. In the case of the
data driver that can mnput only one of the RSDS signal, mini-
LVDS signal, and CMADS signal, a circuit configuration
may be employed in which as in the equivalent circuit when
the IFM terminal of the recerver 10 shown 1n FIG. 6 15 at the
“H” level, the data inversion signal generation circuit and the
primary data inversion circuit are included. In the case of the
data driver that can mmput only the CMOS signal, a circuit
configuration may be employed 1n which as 1n the equivalent
circuit when the IFM terminal of the recerver 10 shown 1n
FIG. 7 1s at the “L” level, generation of the data inversion
signal INV and the primary data inversion control are per-
formed outside the data driver, and the input terminal of the
data inversion signal INV for the secondary data inversion
control 1s included. In this case, the generation of the data
inversion signal INV and the primary data iversion control
should be performed by the controller. In the liquid crystal
display device which uses the data driver that can input only
one of the RSDS signal, mini-LVDS signal, and CMADS
signal or the data driver that can input only the CMOS signal,
not only the above-mentioned chip-to-chip transter method,
but also a method of transferring display data from the con-
troller 1n parallel with the respective data drivers can be
employed. Further, other low voltage differential signal can
be applied in place of the RSDS signal, mini1-LVDS signal and
CMADS signal. Though a description was given using the
liquid crystal display device as an example, the invention 1s
not limited to this, and can also be used for other display
device 1n which display data are transierred through the inter-
nal wiring and captured by the data registers. Further, the
invention 1s not limited to the display device, and can also be
used for other electronic device 1n which data are transterred
through the internal wiring and captured by the data registers.

It should be noted that other objects, features and aspects of
the present invention will become apparent 1n the entire dis-
closure and that modifications may be done without departing
the gist and scope of the present invention as disclosed herein
and claimed as appended herewith.

Also 1t should be noted that any combination of the dis-
closed and/or claimed elements, matters and/or items may fall
under the modifications atorementioned.

What 1s claimed 1s:
1. An electronic device comprising:
a first semiconductor integrated circuit; and

a plurality of cascade-connected second semiconductor
integrated circuits comprising an initial-stage second
semiconductor mtegrated circuit for recerving differen-
t1al signals comprising data from the first semiconductor
integrated circuit and sequentially transierring CMOS
signals comprising the data, between each of the second
semiconductor mtegrated circuits,
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wherein each second semiconductor integrated circuit
COMPrises:
a recerver that recerves either the differential signals or
the CMOS signals 1n accordance with an interface
mode select signal;
a data mnversion signal generation circuit that detects a
number of changed bits of the data comprised by the
received signals and generates a data inversion signal
corresponding with the number of changed bits of the
inversion only when each second semiconductor inte-
grated circuit 1s set to receive the differential signals;
a first data mversion circuit that subjects the CMOS
signals to a first inversion in accordance with the data
inversion signal; and
a second data inversion circuit that subjects the CMOS
signals thus subjected to the first inversion to a second
inversion 1 accordance with the data inversion signal.
2. The electronic device according to claim 1, wherein in at
least one of said second semiconductor integrated circuit
devices, the data comprised by the CMOS si1gnals and the data
inversion signal are input from a second semiconductor inte-
grated circuit device 1n a preceding stage connected to one of
said second semiconductor mtegrated circuit devices.
3. The electronic device according to claim 1, wherein
at least one of said second semiconductor integrated cir-
cuits comprises a recerving unit for receiving a signal
comprising data, said data comprised by the CMOS
signals from a second semiconductor integrated circuit
in a preceding stage or data comprised by differential
signals from said first semiconductor integrated circuit,

when the CMOS signals are received, the data inversion
signal 1s mput to said at least one of said second semi-
conductor integrated circuits from said first semicon-
ductor integrated circuit or from a said second semicon-
ductor 1ntegrated circuit 1 said preceding stage
connected to said at least one of said second semicon-
ductor integrated circuits, and

when the differential signals are received, the data inver-

sion signal 1s generated at said recerving unit.

4. The electronic device according to claim 3, wherein:

said plurality of second semiconductor integrated circuits
are connected 1n cascade so that the signals comprising,
data are sequentially transferred from said first semicon-
ductor integrated circuit;
data comprised by the differential signals from said first
semiconductor integrated circuit are transierred to a sec-
ond semiconductor integrated circuit in a first stage;

and data comprised by the CMOS signals from the second
semiconductor mtegrated circuit 1n said first stage are
transierred sequentially to second semiconductor inte-
grated circuits in subsequent stages.

5. The electronic device according to claim 4, wherein said
receiving unit comprises:

differential signal receivers each for receiving the differ-

ential signals imncluding at least two bits of the data as a

pair when the differential signals are received and out-

putting said at least two bits of the data onto a same
wiring as a time-multiplexed CMOS signal; and

bypass circuits for bypassing the recetved CMOS signals
from said differential signal receivers when the CMOS
signals are recerved.

6. The electronic device according to claim 3, wherein said
receiving unit comprises:

frequency divider circuits each for frequency dividing the

CMOS signal from one of said differential signal receiv-

ers by at least two with respect to the differential signals,

for output as parallel one-bit CMOS signals.
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7. The electronic device according to claim 6, wherein said
receiving unit further comprises:

a data inversion signal generation circuit for generating the

data inversion signal; and

a first data inversion circuit for performing first inversionof 53

the data from said frequency divider circuits.

8. The electronic device according to claim 1, wherein the
differential signal comprises one of a Reduced Swing Differ-
ential Signal (RSDS), a min1 Low Voltage Differential Sig-
naling (mini-LDVS) signal, and a Current Mode Advanced 10
Differential Signaling (CMADS) signal.

9. The electronic device according to claim 1, wherein said
clectronic device 1s adapted for use as a display device, said
first semiconductor integrated circuit comprises a control
circuit, and said second semiconductor integrated circuits 15
comprise data side driving circuits.

10. The electronic device according to claim 9, wherein
said electronic device 1s adapted for use as a liquid crystal
display device.

11. An electronic device comprising: 20

a first semiconductor integrated circuit device; and

at least one second semiconductor integrated circuit

device, said second semiconductor integrated circuit
devices being connected to each other sequentially, 1f
more than one said second semiconductor integrated
circuit device, and said at least one second semiconduc-
tor integrated circuit device comprising a first of said
sequentially connected second semiconductor inte-
grated circuit devices, 1f more than one said second
semiconductor integrated circuit device, differential sig-
nals comprising data from said first semiconductor inte-
grated circuit device therein being transferred to a first
one of said at least one second semiconductor integrated
circuit device and CMOS signals comprising the data,
being sequentially transierred between each of the sec-
ond semiconductor integrated circuits,

said electronic device adapted for a data transier system

comprising at least CMOS signals,

wherein, when transferring data comprised by said differ-

ential signals from said first semiconductor integrated
circuit device, a number of changed bits of said data
before or after each recerved signal bit being detected, a
data inversion signal 1s generated from said first one of
said second semiconductor integrated circuit devices
according to the number of changed bits, a first inversion
of a data logic being performed at a transier source
according to the data imnversion signal,

cach of said second semiconductor integrated circuit

devices, 1f more than one said second semiconductor
integrated circuit device, includes a data capturing cir-
cuit for capturing data, said data capturing circuit com-
prising a circuit for a second data inversion and 1s dis-
posed immediately before inputs of data to data registers
and performs said second inversion of data, and

data in one of said second semiconductor integrated circuit

devices comprises differential signals from said first
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semiconductor integrated circuit device when said one
of said second semiconductor integrated circuit devices
1s set to recerve the diflerential signals or from another
one of said second semiconductor integrated circuit
devices 1n a preceding stage connected to said one of
said second semiconductor integrated circuit devices, 1f
more than one said second semiconductor integrated
circuit device and when said one of said second semi-
conductor 1mtegrated circuit devices 1s set to recerve the

CMOS signals, and said differential signals are con-

verted to the data comprising the CMOS signals, and

said each of said second semiconductor integrated circuit
devices generates the data iversion signal only when
said each of said second semiconductor itegrated cir-
cuit devices 1s set to receive the differential signals.

12. An electronic device comprising;:

a first semiconductor integrated circuit device transierring

a signal comprising data; and

a plurality of second semiconductor integrated circuit

devices comprising an initial-stage second semiconduc-
tor itegrated circuit for receiving differential signals
comprising data from the first semiconductor integrated
circuit and sequentially transferring CMOS signals
comprising the data, between each of the second semi-
conductor integrated circuits,

said second semiconductor integrated circuit devices each

comprising:

a recerving unit generating a data inversion signal and
inverted data of said recetved data according to said
data mversion signal only when said each of said
second semiconductor imtegrated circuit devices 1s set
to receive the differential signals;

a data capturing circuit receiving said data inversion
signal;

a data mversion circuit iverting logic levels of said
inverted data according to said data inversion signal
so as to output said recerved data; and

a data register storing said recerved data,

wherein said recerving unit of at least one of said second

semiconductor integrated circuit devices each generates

said data inversion signal based on a detection of a

number of changed bits of said data between before and

after recerving each bit of said data from said first semi-
conductor integrated circuit device.

13. The electronic device according to claim 12, wherein
said recerving unit of said at least one of said second semi-
conductor integrated circuit devices generates said data inver-
s10n signal in response to said comparison when said receiver
receives a differential signal as said data.

14. The electronic device according to claim 12, wherein
said receiving unit of at least one of said second semiconduc-
tor integrated circuit devices recerves said data inversion sig-
nal of said second semiconductor device 1n an immediately
preceding stage when said recetver recerves a CMOS signal
as said data.
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